tastasis, and local progression after a median of 8.2 years of follow-up. 5, 6 Although a subgroup analysis suggested that the effect of treatment was greater among men younger than 65 years than among men aged 65 to 75 years, the relatively small sample size and the lack of published information about the estimated effect in men older than 65 years have contributed to the uncertainty about the benefit of prostatectomy in this age group. 5, 6 The ongoing Veterans Affairs Prostate Cancer Intervention vs Observation (PIVOT) trial also compares radical prostatectomy and observation in 731 men and will complete follow-up in 2009. The ongoing UK Prostate Testing for Cancer and Treatment Study (Protect) will randomize men with prostate cancer to receive radiation, undergo radical prostatectomy, or remain in observation. Study accrual is estimated to be completed in 2008. The American College of Surgeons Oncology Group's Surgical Prostatectomy vs Interstitial Radiation Intervention Trial (SPIRIT) for men with clinical stage T1c or T2a tumors closed early due to poor accrual. Despite many case series suggesting long-term disease control with external beam radiation therapy or brachytherapy, there are no randomized studies comparing radiation therapy with observation.
When randomized controlled trial data are not available, observational studies can provide insight into important clinical questions. In this study, we evaluate the association of active treatment (radiation or prostatectomy) vs observation with overall survival in a large population-based sample of elderly men treated for low-or intermediate-risk localized prostate cancer.
METHODS

Data Source
We used data from the linked Surveillance, Epidemiology, and End Results (SEER) Medicare database. SEER is a population-based cancer registry encompassing approximately 14% of the US population. SEER includes infor-mation on tumor histology, size, and grade. 7 The National Cancer Institute has linked SEER data to Medicare claims for all individuals with Medicare coverage. Approximately 97% of individuals in SEER aged 65 years and older were successfully linked to their Medicare claims. Medicare files contain extensive medical and surgical claims data for patients covered by Medicare. The study was approved by the institutional review boards at the University of Pennsylvania and the Fox Chase Cancer Center.
Study Population
The study population included 111 640 men between 65 and 80 years of age who had an incident prostate cancer diagnosis between 1991 and 1999 in the SEER-Medicare database. Men were excluded if they were diagnosed at autopsy or death or had Medicare entitlement based on end-stage renal disease. Because Medicare does not contain complete claims information for individuals in managed care, men were excluded if they were enrolled in a managed care plan from 3 months before diagnosis to 6 months after diagnosis.
The goal of this analysis was to examine the associations of treatment benefit for men with low-risk tumors. Thus, we limited the study sample to men with well-or moderately differentiated T1 or T2 tumors.
Patients with T3 to T4 tumors and those with poorly differentiated or anaplastic tumors were excluded because these patients are considered at high risk for progressive disease. 8 Men with metastatic disease were also excluded because they would not be candidates for primary radiotherapy or radical prostatectomy. Patients with the following characteristics were excluded from the final cohort: tumor grades of T3 or T4 (n = 9023), metastatic disease (n = 7333), unknown tumor size (n=13 134), poorly differentiated, anaplastic, or unknown grade (n=19 019), original or current reason for Medicare entitlement listed as disability or Medicare status code including disabil-ity (n=3929), older than 80 years at diagnosis (n = 7047), treated with hormonal therapy alone (n=4765), prior history of cancer (n=666), missing socioeconomic status (n=943), and died within a year of diagnosis (1151). The total population for analysis was 44 630.
Variable Definitions
Tumor Grade and Stage. SEER reports tumor grade as well differentiated (Gleason score, 2-4), moderately differentiated (Gleason score, 5-7), or poorly differentiated (Gleason score, 8-10), or unknown.
We used clinical extension information provided by SEER to determine tumor stage. Tumors were categorized as T2a and lower if they were described as being confined to less than one half of one lobe of the prostate. Tumors were categorized as T2b to T2c if they were described as involving greater than one half of one lobe of the prostate but were still organ-confined. We categorized 4556 patients who were described as having disease "involving one lobe of the prostate NOS [not otherwise specified]" in the T2a and lower group in our baseline analysis.
Treatment. Use of active treatment was determined by searching Medicare files for the appropriate International Classification of Diseases, Ninth Revision (ICD-9) and Healthcare Common Procedure Coding System codes during the 6 months after the date of diagnosis. These included codes for radical prostatectomy, external beam radiation, and radiation implants. (A list of all of the treatment codes, including 14 codes for radical prostatectomy, 62 codes for external beam radiation, 72 codes for brachytherapy, and 25 codes for hormonal therapy or orchiectomy is available on request from the authors). Because SEER provides the month of diagnosis only, we assumed that all patients were diagnosed on the 15th of the month and included an additional 15 days in the 6-month treatment time window. Medicare files included the inpatient claims (Part A), the carrier or physician file (Part B), and the outpatient claims file.
Patients who received hormonal therapy alone (luteinizing hormone− releasing hormone agonists or orchiectomy) were excluded from the analysis because androgen ablation monotherapy is not recommended by the National Comprehensive Cancer Network or the Hormone Therapy Study Group for nonmetastatic disease. 8, 9 The remaining patients were categorized as undergoing active treatment (radical prostatectomy, external beam radiation, or radiation implants) or observation.
Survival. Overall survival was defined as the interval from the date of diagnosis to the Medicare date of death. Patients alive at the end of the study period (December 30, 2002) were censored at that point and contributed the time interval from their date of diagnosis to the end of the study in the survival analysis. We excluded 1151 (645 observation, 506 treatment) patients who died within a year of diagnosis to eliminate men who were acutely ill from other causes. Although this approach may theoretically augment the survival advantage of treatment by eliminating perioperative deaths, the mortality of prostatectomy is low (ie, 30day mortality rate is 0.66% for men aged 70-79 years). 10 To measure the association between treatment and prostate cancer−specific mortality, we used cause of death provided by SEER to compare diseasespecific survival among treatment groups. Patients who died from a cause other than prostate cancer (ICD-9 185.9 or ICD-10 C619) were censored at the date of death. Data on cause-specific mortality were available through the end of 2000.
Covariates. Comorbid Disease. Comorbidity has been associated with a lower probability of receiving active treatment for prostate cancer 11 and a higher probability of prostatectomyrelated complications. 10 Comorbidities were identified by searching Medicare inpatient, outpatient, and Part B claims during the 90 days before a patient's diagnosis. Using all 3 sources captures more comorbidity data than the Charlson index, which relies on inpatient claims alone. 12 Forty-four comorbidities were identified using methods described by Silber et al, 13 including the following: AIDS, alcoholism, angina, aortic stenosis, arrhythmia, asthma, blood-loss anemia, collagen vascular diseases, congestive heart failure, chronic obstructive pulmonary disease, Cushing disease, depression, drug abuse, electrolyte and fluid abnormality, gastrojejunal ulcer, Graves disease, hereditary coagulopathy disorders, hypertension, hyperthyroidism, type 2 diabetes, irondeficiency anemia, liver disease, liver dysfunction, myocardial infarction, obesity, other neurological disorders, paraplegia, peptic ulcer disease excluding gastric ulcer, peptic ulcer disease site not otherwise specified, peripheral vascular disorders, post-inflammatory pulmonary fibrosis, psychosis, pulmonary circulation disorders, pulmonic stenosis, renal dysfunction, renal failure, rheumatoid arthritis, seizures, smoking history, stroke or cerebrovascular accident, thrombocytopenia, unstable angina, valvular disorders, or weight loss.
We examined the association between comorbidity and odds of receiving treatment using each individual comorbidity as a binary variable (present or absent) and the total number of comorbidities. Both methods resulted in similar results. For clarity of presentation, we report the odds of receiving therapy based on the number of comorbidities (0, 1, 2, 3, or more) in the primary analysis. In addition, 15 "serious comorbidities" were associated with decreased probability of receiving treatment in the multivariate model and adjusted for them in the survival analyses.
Sociodemographic Characteristics. Age at diagnosis, race, marital status, and SEER site were determined from SEER data. Race was categorized as white, black, or other. Marital status was categorized as married, single, or other. Because SEER-Medicare does not collect individual patient level socioeconomic status information, we used the percentage of the 1990 census tract with a 4-year college education and the median income per census tract as proxies for an individual patient's socioeconomic status. Patients were classified as living in a rural area if they lived in a county or county-equivalent of fewer than 20 000 residents, as classified by the US Census. The remainder were classified as living in an urban area.
Statistical Analysis
Summary statistics were constructed using frequencies and proportions for categorical data elements and means and medians for continuous variables. We used propensity score methods to balance observed covariates between the treatment and observation groups. Propensity scores reflect the probability that a patient will receive therapy based on his observed covariates. 14, 15 We calculated propensity scores using multivariable logistic regression with active treatment as the outcome of interest. Age at diagnosis, SEER site, year of diagnosis, tumor size, tumor grade, marital status, residence in an urban setting, race, income, educational achievement, and comorbidities were the independent variables. We found a statistically significant interaction between tumor size and grade.
Propensity scores were then used to group patients into quintiles according to the probability of receiving active treatment based on each patient's baseline known characteristics. This procedure has been estimated to remove more than 90% of the bias resulting from each of the covariates. 16 We used t tests, 2 tests, and generalized linear models to determine whether the covariates were balanced within strata and found that number of comorbidities, tumor grade, and tumor size were still not balanced.
Cox proportional hazard models were used to compare survival in patients who received active treatment compared with those who were managed with observation. We examined the association of treatment and propensity score quintile adjusting for co-morbidities, tumor grade, and tumor size, which were not balanced even after adjustment for propensity scores. In addition, we examined the association of treatment and survival in the entire cohort adjusting for propensity score as a continuous variable and comorbidities, tumor grade, and tumor size as categorical variables. We also measured the association between treatment vs observation and outcomes in the full cohort adjusting for grade, size, and comorbidities stratified by quintiles.
To examine the relationship between age and outcomes associated with treatment, we calculated the propensity score as described above excluding age. We then measured the interaction of treatment and age as a categorical variable (65-67, 68-70, 71-73, 74-77, and 78-80 years) in their association with survival, stratifying by propensity score quintile.
To measure the association of treatment and outcomes in specific populations, we created cohorts of patients who were diagnosed before and after 1994, black, elderly (age 75 to 80 years at diagnosis), and low risk (ՅT2a, well-differentiated). We then calculated propensity scores using the methods described above and used Cox proportional hazard methods to measure the association between treatment and overall survival adjusting for propensity score as a continuous variable. Using the same methods, we examined the treatment within individual SEER sites to determine whether geographic location influenced the overall point estimates.
We also compared the association between radiation therapy and survival by creating a cohort of patients who were treated exclusively with radiation. We compared this outcome to the observation cohort by calculating propensity scores and using the Cox proportional hazard methods adjusting for propensity scores. We also compared patients who received radical prostatectomy with those who were observed using the same methods. We also examined outcomes associated with treatment in the "healthiest" patients (no comorbidities for 6 months prior to diagnosis) to determine whether the benefit associated with treatment was because sicker patients were in the observation group and did not receive treatment.
Finally, we performed a sensitivity analysis to measure the potential influence an unmeasured covariate might have on the hazard ratio (HR) estimates of the association between treatment and survival. 17, 18 Propensity scores calculations and survival analyses were performed using STATA 8.0 (STATA Inc, College Station, Tex). Sensitivity analyses were conducted using Microsoft Excel. Statistical significance was set at .05, and all tests were 2-tailed. 
RESULTS
Patient Baseline Characteristics and Predictors of Treatment
The final group for analysis consisted of 44 630 patients, of whom 12 608 (28.25%) were in the observation group and 32 022 (71.75%) were in the treatment group. The baseline characteristics of the 2 groups and the results of multivariate analyses of predictors associated with receiving treatment with radical prostatectomy or radiation therapy are shown in FIGURE. The 5-and 10-year survival probabilities for the entire cohort and within quintiles are also shown in TABLE 3. Using Cox proportional hazard models, active treatment was associated with a significant improvement in survival in the overall cohort and within quintiles of propensity score, adjusting for tumor grade and size (TABLE 4). The estimated association between treatment and survival was similar (0.71; 95% confidence interval [CI], 0.69-0.74) if the model also adjusted for the 15 individual comorbidities that were associated with survival in multivariate analysis.
Nine hundred twenty-six deaths were attributed to prostate cancer in SEER, including 314 in the observation group and 612 in the treatment group. In our analysis, patients who were treated also had a reduced risk of death from prostate cancer when adjusting for propen- Patients who survived less than 12 months were excluded from the analysis. sity score alone (HR, 0.67; 95% CI, 0.58-0.77). In addition, among the patients whose deaths were attributed to prostate cancer, the median overall survival in the treatment group was 55 months compared with 47 months in the observation group (log-rank PϽ.001). Subgroup Analyses and Sensitivity Analyses. The association between treatment and reduced mortality risk was evident within all prespecified subgroups examined (TABLE 5). In addition, treatment was associated with reduced risk of death in patients who received either radiation therapy or radical prostatectomy, suggesting that the benefit of treatment was not confined to an individual treatment modality. Although treatment was associated with reduced mortality risk for each of the age categories examined, the relationship was not as strong in the older age groups as in the younger age groups (P=.03 for interaction; HR, 0.67 in ages 65-67; HR, 0.61 in ages 68-70; HR, 0.70 in ages 71-73; HR, 0.71 in ages 74-77; and HR, 0.74 in ages 78-80 years). The findings were similar across SEER sites, suggesting that the overall association between treatment and reduced mortality was not dominated by practice variations in any particular region of the country (TABLE 6) .
An observed association between treatment and outcome may reflect the effects of unknown or unmeasured confounders and the results of sensitivity analyses to estimate the potential effects of such an unmeasured confounder, such as poor functional status, on the estimated HR for treatment vs observation are shown in TABLE 7. These sensitivity analyses are based on the estimated HR for treatment (0.69, 95% CI, 0.66-0.72), propensity score, comorbidity, tumor grade, and tumor size. The strength of the association between treatment and mortality (measured by the HR) is affected by (1) the prevalence of the unmeasured confounder in the observation group, (2) the prevalence of the unmeasured confounder in the treated group, and (3) the hazard associated with the unmeasured confounder, which was assumed to be the same in the treated and untreated groups.
In these sensitivity analyses, we used prevalence rates of overall disability, 19 Alzheimer dementia, 20 and osteoporotic fractures 21 for examples of prevalence rates of an unmeasured confounder in the treated group (10%-30%). We used the increased risk of death associated with these conditions as examples of the hazard associated with unmeasured confounder (1.25-3.3). We then varied the prevalence of the unmeasured confounder in the observation group to determine the extent to which its distribution under these conditions would need to be imbalanced to influence the statistical significance of the results (ie, the upper bound of the 95% CI crosses 1.0). For instance, (as shown in rows 4-6 of Table 7) for an unmeasured confounder with a prevalence of 10% in the treated group and with an associated 2-fold increased risk of death (HR 2.0), the prevalence of the unmeasured confounder would need to be 60% in the untreated group to influence the estimated HR (for death in the treatment group) enough to make the results nonsignificant.
COMMENT
Although prostate cancer is the most common cancer affecting US men, management of localized prostate cancer remains controversial. SEER data suggest that up to 15% of PSA-detected prostate cancer in white men and up to 37% in black men might never have presented clinically within the patient's lifetime. 22 Cohort studies have shown that low-grade disease may have a long natu- In our observational analysis, using SEER data, we found that men with early stage and low-or intermediaterisk prostate cancer who underwent active treatment with either radical prostatectomy or radiation therapy within 6 months after diagnosis were 30% less likely to die during the subsequent 12 years of follow-up than men who did not undergo active treatment within 6 months after diagnosis. To address the issue of confounding, we combined observed potential confounders into 1 composite variable, the propensity score, and demonstrated that this approach balanced important measured covariates between groups except comorbidity, tumor size, and tumor grade, which we included as separate covariates. The association between active treatment and mortality was consistent across propensity score quintiles and within clinical subgroups. These results extend the currently available literature about the effectiveness of treatment for localized prostate cancer. The effect size we observed was similar to that of the only published randomized trial of radical prostatectomy (relative risk, 0.74; 95% CI, 0.56-0.99). 5 However, this trial also reported that the effect of surgery was smaller among men older than 65 years (P=.08 for interaction), although the point estimate in this subgroup was not reported. 5 Our finding is also supported by nonrandomized studies that have reported prolonged disease control with radiation therapy. 23, 24 Because our study used an observational cohort rather than a randomized controlled trial design, these findings must be interpreted within the context of the limitations of observational data. In particular, because patients were not randomized, treatment and observation groups may differ in measured and unmeasured ways that are associated with differences in survival. Of greatest concern, men who are offered treatment (or specific types of treatment) or those who choose treatment may be "healthier" than men who are not offered or do not choose treatment, raising the possibility that the apparent benefit of treatment arises from the selection of healthier men rather than a direct effect of treatment on prostate cancer mortality.
This possibility certainly must be considered when interpreting the study findings, but several factors reduce the likelihood that the observed benefit of treatment is solely due to selection bias. First, Medicare data provide extensive information on comorbidities and the benefit of treatment persisted irrespective of the method of adjusting for these comorbidities.
Second, the observed treatment survival advantage remained when we examined the "healthiest" patients (ie, those without any claims for comorbid conditions within 90 days of date of diagnosis) or excluded patients who died within 1, 2, and 3 years of diagnosis, respectively.
Third, the vast majority of localized prostate cancer is diagnosed through PSA screening, and men who undergo PSA screening already have been selected based on functional status and estimated life expectancy. 25 Thus, although SEER-Medicare data do not provide a direct measure of functional status, we believe that this cohort is likely to represent a relatively healthy subset of elderly men, making functional status potentially less important as a confounder. Fourth, the association between treatment and reduced mortality risk was strongest among younger patients and weakest among older patients. This relationship also was seen in the Swedish randomized controlled trial 5 and argues against a pure effect of selection bias because greater selection pressure might be expected to target surgery for the healthiest individuals among older rather than among younger men.
And fifth, our sensitivity analyses demonstrated that our main result is fairly robust and only can be explained by an uneven distribution of an unknown cofounder that had a high influence on mortality (Table 7) . For example, using a baseline prevalence rate of 10% in the untreated group and an increased risk of death of 2.0, an unmeasured confounder would need to have a prevalence of 60% (6 times the baseline prevalence) to eliminate a statistically significant association of treatment and reduced mortality. Although we believe that these factors support the validity of these results, the possibility of significant selection bias remains and must be considered when applying these findings to clinical decisions. These issues can only be addressed definitively by a rigorously designed and conducted randomized controlled trial.
The patient's probability of developing adverse effects and his willingness to tolerate them should be an important part of the patient's decision to pursue active treatment. Treatment with radiation and surgery can be associated with urinary, bowel, and sexual dysfunction symptoms, which may affect quality of life but are not likely to affect overall survival. Patients with conser-vatively managed prostate cancer may develop obstructive urinary symptoms due to local disease progression or systemic symptoms due to metastatic disease. In the Scandinavian study, men who underwent radical prostatectomy had increased rates of urinary leakage and erectile dysfunction but lower rates of obstructing voiding symptoms. 26 The National Cancer Institute-sponsored Patterns of Care Study found that men who underwent active treatment had higher rates of treatment related adverse effects but were more satisfied with their overall treatment decision. 27 Thus, patients should be informed of the risks and benefits of treatment options, including the effects of treatment on quality of life and overall survival before deciding upon a treatment strategy.
Our study has several other limitations. Men with localized prostate cancer are likely to have participated in PSA screening, and these men may be healthier, more motivated, and have greater access to the health care system than the general population. Therefore, our results may not be generalizable to the unscreened US population. For example, we do not have direct measures of comorbidities that may be common in the unscreened US population. Condiditions common in geratric patients, such as Alzheimer or vascular dementia, fraility, Parkinson disease, may make patients poor candidates for aggressive treatment for early stage prostate cancer. We also did not evaluate the role of delayed therapy for patients in the observation group. However, if patients received treatment more than 6 months past diagnosis, this would improve the overall survival in the observation group and bias the results toward the null. We also do not have data about the use of oral antiandrogen agents or palliative chemotherapy. However, their effect on the overall survival of men with localized prostate cancer is likely to have been small. Because managed care provides incomplete claims data to Medicare, our cohort included only patients with fee-for-service coverage. If there are differences in the quality of prostate cancer treatment between managed care and fee-for-service health care centers, the association between treatment and survival among men in managed care may differ from that in our cohort.
Studies of surgery vs other treatment may result in stage and grade migration when the final surgical pathology reveals a higher tumor grade or stage than expected from clinical staging. This can result in an apparent benefit of surgery, simply from reclassifying some patients into a higher stage or grade group. This bias may be further exacerbated if surgeons abort a prostectomy procedure if positive nodes are discovered intraoperatively and these patients are classified as not having undergone surgery. 28 However, nomograms that incorporate PSA level, clinical stage, and Gleason score are now widely used to predict pathologic stage. It is recommended that patients who have a high probability of having lymph node-positive disease undergo pelvic imaging and fine-needle aspiration sampling of suspicious appearing nodes, reducing the number of patients with node-positive disease undergoing radical prostatectomy. 29, 30 In addition, intraoperative frozen section of pelvic lymph nodes is no longer routinely performed in the United States, making it unlikely that patients in our study cohort would have had their procedure terminated due to lymph node involvement found intraoperatively.
We attempted to minimize bias from possible stage migration by using clinical extension classification in the analyses. This classification relies solely on tumor size and would exclude information on nodal metastases that may have been found intraoperatively. Although this classification only became available in SEER in 1994, we found no difference in the results for patients diagnosed prior to 1994 and those diagnosed after 1994. Similarly, grade migration has become unlikely since the practice of routinely collecting 10 to 12 biopsies has resulted in a high correlation between presurgical and post-surgical tumor grade. It is generally accepted that Gleason scoring methods have changed over time, resulting in an "upgrading" of tumors diagnosed in the latter years of our cohort compared with those diagnosed in the earlier years. Although this Gleason score upward migration may result in improved gradespecific outcomes over time, the association of therapy with reduced mortality was apparent in the subgroups diagnosed both before and after 1994. Upgrading would have resulted in a cohort of patients with a better prognosis, yet the association with treatment was still statistically significant.
Despite these limitations, our analysis has several strengths. By using SEER-Medicare data, we were able to examine the outcomes of treatment in the Medicare population (Ն65 years), a group that is traditionally underrepresented in clinical trials. Although 70% of incident cases of prostate cancer occur in men aged 65 years or older, all of the large randomized clinical trials have an age cutoff for enrollment (75 years for PIVOT 31 and the Scandinavian study, 69 years for Pro-tecT), 32 limiting their generalizablity to the Medicare population.
We used propensity scores in our analysis, which is a powerful method of adjusting for confounding by multiple covariates. One limitation of traditional covariate-based regression models is that it is difficult to determine if there is adequate overlap across all covariates between the observation and treatment groups. In traditional multivariable models, the treatment effects may be attributed to covariates that are unevenly distributed between groups. However, grouping patients into quintiles by propensity scores allows evaluation of whether adequate overlap exists between groups to balance potential confounding covariates. 18 Our study has a relatively long followup, which is essential for studies of prostate cancer given the long natural history of this disease. For example, in the Scandinavian study, the effect of sur-gery on overall survival was not evident in the analysis conducted at 6.2 years of follow-up, but it was found at the analysis reported at 8.2 years. 5 This long follow-up of our cohort also allowed us to detect differences in overall survival as our primary end point rather than necessitating reliance on intermediate markers such as biochemical recurrence, which may be less strongly correlated with clinical status or survival. 33, 34 We were able to examine both overall survival and diseasespecific survival, demonstrating a similar magnitude of effect for both measures. Furthermore, among men with prostate cancer−specific mortality, patients who initially underwent treatment had a longer median survival than those who were observed. The median survival of patients whose deaths were attributed to prostate cancer was significantly shorter in both groups than in the overall cohort. Whether this outcome reflects inaccuracies in death certificate reporting 35 or the natural history of the disease is uncertain.
CONCLUSION
In summary, even though prostate cancer commonly is considered an indolent disease, this observational study suggests a reduced risk of mortality associated with active treatment for lowand intermediate-risk prostate cancer in the elderly Medicare population examined. Because observational data can never be free of concerns about selection bias and confounding, these results must be validated by rigorous randomized controlled trials of elderly men with localized prostate cancer before the findings can be used to inform treatment decisions. You will say to me, perhaps, "Are you sure that your tale is a true one?" What do I care about the reality of the world around me, if only it helps me to live, to feel I exist and to know what I am. 
